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(57) Abstract: An MRI scanner generates a temporally constant (B 0 ) magnetic field through an examination region (10), as well as 
a surrounding fringe field. The fringe field tends to decrease in strength with distance from the examination region an includes a 5 
J Gauss line (70, 70') and a 1 Gauss line (74). In a vertical field magnet, the 5 Gauss line can extend more than 3 or 4 meters above 
below upper and lower pole assemblies (12, 14). By placing permanent magnets (72, 76) above and below the upper and lower 
£^ pole assemblies, respectively, with an opposing magnetic polarity, the fringe field is shaped and controlled reducing a distance (d) of 
the 5 Gauss line above the scanner to about 2 meters and reducing an amount of ferrous material in a ferrous flux return path (24). 
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MRI MAGNET WITH REDUCED FRINGE FIELD 

Background of the Invention 

The present invention relates to the diagnostic ■ 
imaging arts. It finds particular application in controlling 
flux fields in conjunction with open MRI scanners and will be 
5 described with particular reference thereto. It will be 

* 

appreciated, however, that the present invention is also 
applicable to bore and other types of magnetic systems with 
different flux return paths or no flux return paths. 

In magnetic resonance imaging, a uniform magnetic 

10 field is created through an examination region in which a 
subject to be examined is disposed. With open magnetic 
systems, the main magnetic field is generated vertically 
between upper and lower pole pieces . A series of radio 
frequency (RF) pulses and magnetic field gradients are 

15 applied to the examination region to excite and manipulate 
magnetic resonances. Gradient magnetic fields are 
conventionally applied to encode spatial position and other 
information in the excited resonance. The magnetic resonance 
signals are then processed to generate two or three 

2 0 dimensional image representations of a portion of the subject 
in the examination region. 

In an open system, the field does not only exist 
between the poles. There is also a flux return path through 
which the main magnetic field returns forming closed loops. 

25 Often, a ferrous flux return path provides a low resistance 
flux return path. With a ferrous flux return path, there is 
still a fringe magnetic field from flux that is returning 
through the air rather than the flux return path. For safety 
reasons, the examination room, and associated viewing and 

30 control rooms, are configured and shielded such that 

technicians are not subject to a field greater than 5 Gauss 
(500 /zT) . With conventional systems, the fringe fields have 
been reduced by increasing the cross section of the ferrous 
return path or ferrous sheathing in the walls. Depending on 

35 factors such as the size of the main magnetic field and the 
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size of the room, the amount of ferrous shielding ranges from 
10 to 200 tons of iron. Increasing the iron in the return 
path reduces distance from the examination region to the 5 
Gauss line. 

5 One direction in which control of the 5 Gauss line 

has proved elusive is in the vertical direction above and 
below the magnet assembly. In larger field magnets, the 5 
Gauss line extends into the floor above the magnetic 
resonance suite (over 4 meters with a 0.5 T main field). The 

10 cost of the added iron and the structure to support it often 
limit installation sites to the ground floor with the floor 
above, if any, off limits for human occupancy. 

In bore type systems, active shielding of the 
magnetic field reduces the fringe field. However, the active 

15 shielding technology is not particularly amenable with open 
systems. In bore systems, it is difficult to limit the 5 
Gauss line along the axis of the bore. 

The present invention provides a new and improved 
method and apparatus that overcomes the above referenced 

2 0 problems and others. 

Summary of the Invention 

In accordance with the present invention, a 
magnetic resonance apparatus includes a first magnet assembly 
which generates a temporally constant main magnetic field 
25 through an examination region and generates a fringe field 
that extends peripherally outward from the main magnetic 
field. At least a second magnet assembly is disposed to 
reshape at least a portion of the fringe field. 

In accordance with a more limited aspect of the 

3 0 present invention, the second magnet assembly includes 

permanent magnet material . 

In accordance with another aspect of the present 
invention, a magnetic method is provided. A main magnetic 
field is generated through a region of interest and a fringe 
3 5 field is concurrently generated around the region of 

interest. A magnet is positioned to shape and contain the 
fringe field. 
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One advantage of the present invention is that it 
reduces the amount of shielding needed to contain the fringe 
magnetic field. 

Another advantage of the present invention is that 
5 it allows for open MR systems with smaller, if any, ferrous 
flux return paths. 

Another advantage of the present invention is that 
it allows for a less massive MR unit that is not restricted 
by weight to the ground floor of buildings. 
10 Another advantage of the present invention is that 

it allows for MR system integration into existing buildings 
rather than constructing rooms specifically designed for 
them. 

Yet another advantage of the present invention is 
15 that it can be used with C-shaped magnets, H-shaped magnets, 
four-poster magnets, open systems and permanent magnets. 

Still further benefits and advantages of the 
present invention will become apparent to those skilled in 
the art upon a reading and understanding of the preferred 
2 0 embodiment s . 

Brief Description of the Drawings 

The invention may take form in various components 
and arrangements of components, and in various steps and 
arrangements of steps. The drawings are only for purposes of 

2 5 illustrating preferred embodiments and are not to be 
construed as limiting the invention. 

FIGURE 1 is a diagrammatic illustration of a 
magnetic resonance imaging system in accordance with the 
pr e s ent invent i on ; 

30 FIGURE 2 is a diagrammatic illustration of a 

magnetic resonance imaging system in accordance with aspects 
of the present invention showing an associated fringe field; 

FIGURE 3 is a diagrammatic illustration of an MCI 
scanner with an alternate permanent magnet placement ,- 

35 FIGURE 4 is a diagrammatic illustration of another 

alternate embodiment; and, 
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FIGURE 5 is a diagrammatic illustration of yet 
another alternate embodiment. 

Detailed Description of the Preferred Embodiment 

With reference to FIGURE 1, in an open MCI system 
5 an imaging region 10 is defined between an upper pole 

assembly 12 and a lower pole assembly 14. A pair of annular 

super -conducting magnets 16, 18 surround upper and lower pole 

pieces 20, 22 generating a temporally constant, main magnetic 

field B 0 through the imaging region 10 . It is to be 

10 appreciated that the open MRI system may have a variety of 
pole pieces or, in some instances, no pole pieces at all. 
Optionally, a ferrous flux return path 24 is provided between 

the pole assemblies 12,14 remote from the imaging region 10. 

Alternately, superconducting or resistive windings can be 
15 positioned at other locations adjacent the imaging region or 
along the flux return path. Permanent magnets are also 
contemplated. 

For imaging, magnetic field gradient coils 26, 28 

are disposed on opposite sides of the imaging region 10 

20 adjacent the pole pieces 20, 22. In the preferred 

embodiment, the gradient coils are planar coil constructions 
which are connected by gradient amplifiers 30 to a gradient 

magnetic field controller 32. The gradient magnetic field 

controller 32 causes current pulses which are applied to the 

2 5 gradient coils such that gradient magnetic fields are 

superimposed on the temporally constant and uniform field B 0 

across the imaging region 10. The gradient fields are 

typically generated along a longitudinal or z-axis, a 
vertical or y-axis and a transverse or x-axis. 

3 0 In order to excite magnetic resonance in selected 

dipoles of a subject disposed in the imaging region 10, radio 

frequency coils 34, 3 6 are disposed between the gradient 
coils 26, 28 and the imaging region 10. At least one radio 
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frequency transmitter 38, preferably a digital transmitter, 

causes the radio frequency coils to transmit radio frequency 
pulses requested by a radio frequency pulse controller 40 to 

be transmitted into the imaging region 10. A sequence 

5 controller 42, under operator control, retrieves an imaging 

sequence from a sequence memory 44. The sequence controller 

42 provides the selected sequence information to the gradient 

controller 32 and the radio frequency pulse controller 40 

such that radio frequency and gradient magnetic field pulses 
10 in accordance with the selected sequence are generated. 
Typically, the radio frequency coils 34, 36 are general 

purpose coils and are operable in both transmit and receive 
modes. Alternately, surface or local coils are provided. 

Magnetic resonance signals picked up by the radio 
15 frequency coils 34, 36 are demodulated by one or more 

receivers 50, preferably digital receivers. The digitized 

signals are processed by a reconstruction processor 52 into 

volumetric or other image representations which are stored in 
a volumetric image memory 60. A video processor 62, under 

20 operator control, withdraws selected image data from the 
volume memory and formats it into appropriate data for 
display on a human readable display 64, such as a video 

monitor, active matrix monitor, liquid crystal display, or 
the like. 

25 With reference to FIGURE 2, the open MRI system is 

surrounded by a fringe magnetic field. Although most of the 
return flux passes through the ferrous flux return path 24, a 

portion of the flux returns through the air, creating a 
surrounding fringe magnetic field which becomes weaker with 
30 distance. A 5 Gauss fringe field line 70', for example, 

extends above the MRI scanner by a distance d' . In an 

embodiment in which the main magnetic field is 0.6 T, and the 
flux return path 24 includes 3 0 metric tons of ferrous 

material, the distance d' is about 4.25 meters. As the 
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amount of ferrous material in the flux return path is 
increased to 33 metric tons, the distance d' decreases to 

about 3.7 meters. When the amount of ferrous material is 
increased to 3 5 metric tons, the distance d' decreases to 

5 about 3.65 meters. Thus, significantly more steel is needed 
for progressively smaller improvements. Analogously, as the 
main field increases in strength, the distance d' increases 

and the amount of ferrous material increases; at 4 T, a 
ferrous flux return path of 100-200 metric tons of iron is 
10 typical . 

A strong, opposing magnetic field is generated 
above the upper pole piece 12, preferably by a permanent 

magnet 72 . The permanent magnet reduces the location of the 

5 Gauss line 70 to a reduced height d. In the preferred 

15 embodiment, the magnet 72 is an 8 mm thick matrix of 

neodymium ferrous boron (NdFeB) permanent magnet which 
reduces the distance d to about 2.2 meters. The height of a 

1 Gauss line 74 above the MRI scanner is also reduced. 

Preferably, the magnet is constructed in relatively small 
2 0 plates or tiles of about 5 cm x 5 cm. Thicker tiles can be 
spaced further and thinner magnet tiles can be spaced closer 
or layered. 

The reduction in the distance to the 5 Gauss line 
enables the amount of ferrous material in the ferrous flux 
25 return path 24 to be reduced. This reduces the weight of the 

MRI scanner sufficiently that it is a candidate for placement 
above the ground floor. When the location of the 5 Gauss 
line below the scanner is of concern, an additional permanent 
magnet 76 is mounted below the lower pole assembly with 

30 opposite polarity to the lower pole assembly. 

With reference to FIGURE 3, in an alternate 
embodiment, the permanent magnet is contoured in shape to 
lower the 5 Gauss line more uniformly or with another 
controlled profile. In the illustrated embodiment, the 

35 • magnet 72' is tapered. In the embodiment of FIGURE 4, the 
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permanent magnet 72" is smoothly contoured to apply a maximum 

thickness, hence opposing field, over the geometric center of 
the upper pole piece. The contoured shapes will vary with 
the nature of the ferrous flux return path, e.g., C-magnet, 
H-magnet, four-poster, ferrous walls, or the like as well as 
field strength. Analogously, shaped magnets can be 
positioned below the lower piece where applicable. 

With reference to FIGURE 5, the permanent magnet is 
alternately connected displaced above or below the pole 
assemblies to an associated structure. Separating the 
permanent magnet from the pole assembly and the ferrous flux 
return path eliminates coupling between the permanent magnet 
and the ferrous flux return path. When the permanent magnet 
is positioned closer to the iron, the fields couple, but the 
effect on the fringe magnetic field is stronger. Of course, 
the structure of the pole pieces can be designed in 
coordination with the permanent magnets to create offsetting 
distortions, i.e., to make the main magnetic field more 
linear in the presence of the permanent magnets. 

Permanent magnets can also be positioned at other 
locations around the MRI scanner. For example, when lateral 
containment of the 5 Gauss line is important, permanent 
magnets 78, 80 are placed vertically adjacent the scanner. 

These permanent magnets can be attached to convenient 
physical structures, such as the walls of the examination 
suite. Again, placing the magnets more remotely from the 
examination region 10 minimizes their effect on the main 

magnetic field. 
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Having thus described the preferred embodiments, 
the invention is now claimed to be: 

1. A magnetic resonance apparatus comprising: 

a first magnet assembly (16 # 18) which generates a 

temporally constant main magnetic field through an 
examination region (10) and a fringe field that extends 

peripherally outward from the main magnetic field; 

at least a second magnet assembly (72) disposed to 

reshape at least a portion of the fringe field. 

2 . The magnetic resonance apparatus as set forth 
in claim 1, further including: 

an RF transmitter (38) which transmits radio 

frequency pulses to an RF coil assembly (34, 36) to excite 

resonance in selected dipoles in the examination region (10) , 

such that the dipoles generate resonance signals ; 

an RF coil assembly (34 , 36) which receives 

resonance signals from the resonating dipoles; 

at least one radio frequency receiver (50) for 

demodulating the resonance signals received from the RF coil 
assembly (34 , 3 6) ; and, 

a processor (52) for processing the demodulated 

resonance signals . 

3 . The magnetic resonance apparatus as set forth 
in either one of claims 1 and 2 wherein the second magnet 
assembly (72) is placed adjacent the first magnet assembly 

(16, 18) and oriented such that it produces an opposite 

magnetic field. 

4 . The magnetic resonance apparatus as set forth 
in any one of claims 1-3 wherein the second magnet assembly 
(72) includes a permanent magnet material. 
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5 . The magnetic resonance apparatus as set forth 
in any one of claims 1-4 wherein the first magnet assembly 
(16 , 18) includes two pole assemblies (12 , 14) disposed on 

opposite sides of the examination region (10) and a ferrous 

flux return path (24) connecting the pole assemblies (12 , 14) 

remote from the examination region (10) , the second magnet 

assembly (72) being disposed adjacent at least one of the 

ferrous flux return path (24) and the pole assemblies (12 , 

14) . 

6. The magnetic resonance apparatus as set forth 
in claim 4 wherein the second magnet assembly (72) is 

disposed at at least one of (i) above an upper pole assembly 
(12) and (ii) below a lower pole assembly. 

7. A magnetic method comprising: 
generating a main magnetic field through an 

examination region (10) and concurrently generating a fringe 

field around the examination region (10) ; 

generating a second magnetic field using a magnet 
(72 , 76, 78, 80) to shape and contain the fringe field. 

8 . The method as set forth in claim 7 wherein the 
main magnetic field is generated vertically and wherein the 
step of generating a second magnetic field includes: 

the magnet (72, 76) disposed at at least one of 

above and below the examination region (10) . 

9 . The method as set forth in claim 7 wherein 
magnetic flux from one side of the examination region (10) is 

returned to an opposite side through a ferrous flux return 
path (24) , wherein: 

the magnet (78, 80) is disposed at least partially 

along the ferrous flux return path (24) . 
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10. The method as set forth in any one of 
preceding claims 7,8, and 9, wherein the magnet includes a 
permanent magnet . 
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